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57 ABSTRACT

A high voltage detection device comprises a probe compris-
ing an electrode for contacting a high voltage electrical line.
The electrode is connected in series with a resistor. A meter
comprises a housing enclosing an electrical circuit for mea-
suring line voltage. The electrical circuit comprises an input
circuit for connection to the probe. The input circuit is
adapted to suppress high frequency noise pick up by the probe
and develop a bipolar voltage representing measured line
voltage. A voltage detection circuit comprises a differential
amplifier circuit for converting the bipolar voltage to a pro-
portionate voltage signal. A signal processing circuit receives
the proportionate voltage signal and drives the display for
displaying the measured line voltage.

20 Claims, 14 Drawing Sheets
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METHOD OF HIGH VOLTAGE DETECTION
AND ACCURATE PHASE ANGLE
MEASUREMENT IN CORDLESS PHASING
METERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

Not Applicable.

FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

Not Applicable.

MICROFICHE/COPYRIGHT REFERENCE

Not Applicable.

FIELD

The disclosure relates generally to high voltage phasing
voltmeters and more particularly, to providing noise free
detection.

BACKGROUND

Electrical power distribution systems often include over-
head electrical power distribution lines mounted upon poles
by a wide variety of mounting structure. Other distribution
systems include underground distribution lines in which pro-
tected cables run under the ground surface. It is often neces-
sary to take phase-to-phase voltage measurements across
transmission lines while testing for induced or live power
lines or equipment.

Known high voltage safety line detectors, meters and
testers comprise high resistance probes connected in series
with a calibrated panel meter to read the voltage across the
phase-to-phase or phase-to-ground terminals. They are
designed for use as safety tools by high voltage line mainte-
nance workers to verify the status of the line or equipment as
nominal, induced or de-energized. Known devices for pro-
viding such measurements include contact type and non-
contact type. With contact type a reference probe or transmit-
ter and a meter probe or receiver are connected in series with
a cable as the loop is closed with load terminals.

Phasing and phase angle measurement on utility grid lines
is critical for rapid load balancing, identifying faulty circuits,
and maintenance ofthe grid lines. Even though feeder circuits
are designed to be well balanced in the initial deployment,
one of the phases may turn out to be more heavily loaded than
others, leading to load imbalance conditions. Phasing meters
facilitate the rebalancing of the phases and provide for rapid
maintenance and restoration of clean grid systems in the field.

The high voltage detection and phase angle measurements
on AC high voltage electrical lines, up to 700 kV, are done in
close proximity to a high 50 Hz/60 Hz field. This results in
inaccurate measurements due to interference. Known meters
do not incorporate procedures to eliminate this interference.

Also, phasing meters are used in outdoor locations where
the meter can be affected by high frequency electromagnetic
interference (EMI). The effect of this interference will be
more severe during low voltage detection. Advantageously,
the interference must be suppressed before entering meter
printed circuit boards and provide noise free signals for pro-
cessing. Known meters do not incorporate circuits to fully
eliminate such interference.
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2

The present disclosure is directed to improvements in high
voltage phasing voltmeters.

SUMMARY

As disclosed herein, a high voltage detection device pro-
vides noise free detection.

There is disclosed herein a high voltage detection device
comprising a probe comprising an electrode for contacting a
high voltage electrical line. The electrode is connected in
series with a resistor. A meter comprises a housing enclosing
an electrical circuit for measuring line voltage. The electrical
circuit comprises an input circuit for connection to the probe.
The input circuit is adapted to suppress high frequency noise
pick up by the probe and develop a bipolar voltage represent-
ing measured line voltage. A voltage detection circuit com-
prises a differential amplifier circuit for converting the bipolar
voltage to a proportionate voltage signal. A signal processing
circuit receives the proportionate voltage signal and drives the
display for displaying the measured line voltage.

It is a feature that the circuit comprises a low pass filter
circuit.

It is another feature that the input circuit comprises ferrite
beads to suppress high frequency noise.

It is a further feature that the input circuit comprises a
bipolar protection circuit to protect the electrical circuit from
high voltage transients.

It is a further feature that the processing circuit comprises
an anti-aliasing filter connected to an analog to digital con-
verter.

It is still another feature that the voltage detector circuit
comprises a low power instrumentation amplifier with high
common-mode rejection ratio.

Itis still another feature that the electrical circuit comprises
a zero crossing circuit between the voltage detection circuit
and the processing circuit. The processing circuit compares
time difference between zero crossings for different high
voltage electrical lines for phase angle measurement.

It is still another feature that a transceiver circuit is opera-
tively associated with the processing circuit for communicat-
ing with another high voltage detection device.

It is an additional feature that the electrical circuit com-
prises a battery powered circuit.

There is also disclosed a high voltage phasing meter
including first and second high voltage probes each compris-
ing an electrode connected in series with a resistor on a
housing enclosing an electrical circuit for measuring line
voltage of first and second high voltage lines, respectively.
Each electrical circuit comprises an input circuit for connec-
tion to the probe. The input circuit is adapted to suppress high
frequency noise pick up by the probe and develop a voltage
representing measured line voltage. An amplifier circuit with
high common-mode rejection ratio is connected to the input
circuit. A signal processing circuit is connected to the ampli-
fier circuit for detecting measured line voltage and detecting
zero crossings of the measured line voltage. The first high
voltage probe includes a communication circuit for transmit-
ting the measured line voltage and detected zero crossings of
the measured line voltage. The second high voltage probe
includes a communication circuit for receiving the measured
line voltage and detected zero crossings of the measured line
voltage from the first high voltage probe. The second high
voltage probe processing circuit determines phase relation-
ships between the first and second high voltage lines and is
connected to a display for displaying the phase relationships
and measured line voltages.
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It is a feature that each communication circuit comprises a
wireless transceiver circuit, such as an RF module.

Other features and advantages will be apparent from a
review of the entire specification, including the appended
claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s aperspective view of use of a high voltage phasing
meter as described herein;

FIG. 2 a perspective view of the high voltage phasing meter
comprising a meter probe and a reference probe as disclosed
herein;

FIG. 3 is a block diagram of an electrical circuit for each of
the probes of FIG. 2;

FIG. 4a and FIG. 4b are a generalized block diagram/
electrical schematic for the circuit of FIG. 3 in greater detail;

FIG. 5a, FIG. 5b, F1G. 5¢, FIG. 5d are an electrical sche-
matic of a voltage detection circuit for each of the probes;

FIG. 6a and FIG. 6b are an electrical schematic of a low
pass filter and zero crossing detector circuits for each of the
probes;

FIG. 7a is an electrical schematic of an anti-aliasing filter
circuit and FIG. 75 is an electrical schematic for an analog to
digital converter circuit; and

FIG. 8 is a timing diagram illustrating phase angle mea-
surements implemented in the phasing meter disclosed
herein.

DETAILED DESCRIPTION

Referring initially to FIG. 1, a cordless high voltage phas-
ing meter 10 is shown for measuring phase-to-phase voltage
or voltage to ground between lines in a high voltage trans-
mission line system 12. The transmission line system 12
includes three conductors 14,16 and 18 carrying high voltage
power of alternating current with each line being 120 degrees
out of phase with the other lines, as is conventional. The
phasing meter 10 may be used by a lineman or maintenance
worker W for measuring voltage such as between the electri-
cal conductors 16 and 18 as illustrated in FIG. 1. The phasing
meter 10 may also be used to measure other voltages, such as
phase to neutral, as is known.

The phasing meter 10 comprises a first probe 20, also
known as a meter probe, and a second probe 22, also known
as a reference probe, see also FIG. 2. The first probe 20
includes an elongate insulated shield 24 and a first electrode
28 extending from a distal end thereof. The second probe 22
includes an elongate insulated shield 26 a second electrode 30
extending from a distal end thereof. A first extension pole 32,
known as a hot stick, is connected to the first probe insulated
shield 24. A second extension pole 34 is connected to the
second probe insulated shield 26. The extension poles 32 and
34 are of a select length to enable the maintenance worker W
to extend the probes 20 and 22 to the transmission line system
12 so that the electrodes 28 and 30 contact select ones of the
transmission line conductors 14, 16 and 18.

Referring specifically to FIG. 2, the meter probe 20 com-
prises the elongate cylindrical insulated shield 24 connected
to ahandle portion 36 at a near end and aterminal 38 ata distal
end. The terminal 38 threadably receives the electrode 28.
The electrode 28 can be a straight probe as shown, or a hook,
such as the electrode 30, or a clamp, or the like, as necessary
or desired. A housing 40 is integrally formed with the handle
portion 36. The housing 40 is frustoconical in shape including
a face plate 42 including a display 44 and operator input
buttons 46 and LED display elements 48. The display 44 can
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be an analog display or a digital display. An adaptor 50 on the
handle portion 36 is aligned with the shield 24 and is adapted
to secure the hot stick 32 in a conventional manner. An
antenna 52 is used for cordless communication with the ref-
erence probe 22.

The reference probe 22 comprises the elongate cylindrical
insulated shield 26 connected to a handle portion 56 at a near
end and a terminal 58 at a distal end. The terminal 58 thread-
ably receives the electrode 30. The electrode 30 can be a hook
as shown, or a straight probe, such as the electrode 28, or a
clamp, or the like, as necessary or desired. A housing 60 is
integrally formed with the handle portion 56. The housing 60
is frustoconical in shape including a face plate 62 including
operator input buttons 66 and LED display elements 68. An
adaptor 70 on the handle portion 56 is aligned with the shield
26 and is adapted to secure the hot stick 34 in a conventional
manner. An antenna 72 is used for cordless communication
with the meter probe 20.

As shown in FIG. 1, the lineman W can grip the extension
poles 32 and 34 to contact the lines 16 and 18 with the
respective electrodes 28 and 30. The meter display 44 is
visible to enable the lineman W to read the measured voltage
across the terminals.

Referring to FIG. 3, the meter probe 20 comprises an
electrical circuit 100 generally illustrated in block diagram
form. The electrical circuit 100 is present on a circuit board
102 internal to the housing 40.

As described more particularly below, an electrical circuit
100, see FIG. 2, is utilized in the reference probe 22. The
electrical circuits 100 and 100" are virtually identical except
that the meter probe 20 performs calculations for phase angle
measurement and includes the display 44 for displaying mea-
sured line voltage and phase relationships and the like. The
electrical circuit 100 is described herein in connection with its
operation as part of the meter probe 20, except where other-
wise specifically mentioned. The electrical circuit 100" is not
otherwise described herein as the circuit elements are gener-
ally the same.

In use, the meter probe 20 either makes contact with the
high voltage electrical line using the electrode 28 for voltage
detection and phase angle measurement, utilizing zero cross-
ing pulse generation, or is brought in proximity to the high
voltage electrical line for phase angle measurement only. The
meter probe 20 includes a high voltage resistor R1. The high
voltage resistor R1 is located in the shield 24 and is electri-
cally connected in series with the electrode 28. The high
voltage resistor R1 is connected to the printed circuit board
102 through a shielded cable 104. The printed circuit board
102 is placed inside the housing 40 which comprises a
shielded conductive enclosure to short it to cable shield and
battery ground, as illustrated.

The resistor R1 is connected in series with a resistor R2 and
virtual capacitance C to earth ground to form a voltage divider
between the sensed high voltage and earth ground. The pro-
portionate voltage drop across the resistor R2, comprising a
bipolar voltage, is connected to an analog front end circuit
106 and subsequently to a signal processing block 108. The
analog front end circuit 106 includes an input circuit 110
including ferrite beads FB1, FB2, FB3 and FB4 used to sup-
press high frequency noise picked up by the probe electrode
28 and shield 24. The first ferrite bead FB1 is between the first
and second resistors R1 and R2. The second ferrite bead FB2
is between the second resistor R2 and the virtual capacitance
C. The third and fourth ferrite beads FB3 and FB4 are pro-
vided on conductors across the second resistor R2 to a bipolar
protection circuit block 112. The protection circuit 112 com-
prises a TVS diode across the second resistor R2 to provide
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bipolar protection to the front end circuit 106 from high
voltage transients by limiting the voltage to tolerable levels in
the positive and negative side.

The output of the protection circuit 112 is provided to a
balanced low pass filter circuit 114 used to filter out high
frequency noise pick up by the electrode 28 and shield 24. The
cut off frequencies of the filter 114 should be selected to
provide minimum phase shift to the detected AC signal. For
50 Hz/60 Hz signals the cut off should be greater than 2 kHz.
The output of the balanced low pass filter circuit 114 is
provided to an instrument amplifier/difference amplifier cir-
cuit 116 with high common-mode rejection ratio and unity
gain. This amplifier circuit 116 rejects common-mode noise/
voltage picked up by the high voltage resistor R1 and shielded
enclosure before signal processing. This common-mode volt-
age can affect the circuit at any frequency but predominantly
occurs when the high voltage measurement is done in close
proximity to a high 5 Hz/60 Hz field.

The detected proportion of voltage output from the ampli-
fier circuit 116 is provided to the signal processing block 108
and particularly to both a low pass filter circuit 118 and an
anti-aliasing filter 120. The low pass filter output is provided
to a zero crossing circuit 122 which is a high speed compara-
tor for zero crossing pulse generation provided to a micro-
controller 124. The output of the anti-aliasing filter 120 is
provided to an analog to digital converter 126 and thereafter
to the microcontroller 124.

Referring to FIGS. 4a and 44, the electrical circuit 100 is
illustrated in greater detail.

The second resistor R2 is formed by an array of variable
resistors connected to a multiplexer 126 to provide the bipolar
voltage. A capacitor C1 across the resistor R2 and forms a
parallel RC filter. The low pass filter 114 is formed by a
capacitor C2 and resistors R3 and R4 which form a balanced
series RC filter network to filter out high frequency noise. The
amplifier circuit 116 may comprise, for example, an INA121
low power instrumentation amplifier which provides high
common-mode rejection and converts the bipolar voltage to a
proportionate voltage signal.

The microcontroller 124 is connected to the LCD module
which comprises the display 44 and to a switch and LCD
interface circuit 130 operatively associated with the buttons
46 and indicators 48, see FIG. 2. An RF module 132 is
operatively connected to the microcontroller 124 for commu-
nication with the reference probe 22. The RF module com-
prises a transceiver circuit 134, an RF front end circuit 136
and an antenna connector 138 for connection to the antenna
52. The microcontroller 124 operates in accordance with a
control program for performing voltage and phase measure-
ments in a known manner. As disclosed herein, the measure-
ments are made using virtually noise free signals.

Referring to FIG. 5, an electrical schematic is shown for the
analog front end circuit 106. The probe high resistor R1 is
terminated at a connector P4 via shielded cable. The high
voltage probe resistor R1, see FIG. 3, resistor R33, ferrite
bead FB1, resistor R34 and R28 are connected to one of the
variable resistors R4, R5, R6 or R7, a resistor R36 and the
ferrite bead FB2 by the multiplexer or switch U2 to form a
voltage divider network. The drop across the variable resistor
is determined by the variable resistor value. The different
resistance values R4-R7 are used in different modes of opera-
tion, such as URD, OH, etc., and the switching of the resistors
is controlled by selecting the control pins of the multiplexer or
switch U6 which could be a type ADG1404Y device.

The selected one of the variable resistors R4, R5, R6 or R7
and a capacitor C9 form a parallel RC network that provides

5

10

15

20

25

30

40

45

50

55

60

65

6

high frequency filtering. Resistors R27, R25 and capacitor C9
form another balanced RC network for high frequency filter-
ing.

A diode D1, or a zener diode (or two TVS or zener diodes
connected in the same configuration), comprises an ultra low
leakage bipolar transient voltage suppressor that will restrict
voltage drop across the resistor R28 in series with the variable
resistor R4 or R7 or R5 or R6. This directs voltage input
across the instrument amplifier U3 inputs VIN+VIN- to a
safe value. It also protects the analog front end circuit 106
from any transients, overload conditions, etc.

The detected voltage across the resistor R28 and the
selected variable resistor R4-R7, is fed to the operational
amplifier U3 inputs configured in unity mode. The output of
the amplifier U3 comprises an INA output and is fed to the
zero crossing detector and anti-aliasing circuits, discussed
above, for further processing.

Referring to FIG. 6, the low pass filter circuit 118 is illus-
trated in FIG. 64 and the zero crossing detector circuit 122 is
illustrated in FIG. 6b. Particularly, the INA output is passed
through an active low pass filter circuit 118 using an opera-
tional amplifier U1, such as an op-amp OPA244. The cut off
frequency is determined by a resistor R11 and capacitor C22
which is 1.75 KHz in the illustrated embodiment. The output
is provided to a comparator U2 of the zero crossing detector
122 such as an L.P211 circuit configured in inverting mode
with hysteresis. Resistors R22 and R19 set the hysteresis
voltage of the comparator. The output comprises a series of
pulses corresponding to the zero crossings.

Referring to FIG. 7a, the anti-aliasing filter circuit 120 is
illustrated. Particularly, the detected proportionate voltage
from the output of the instrument amplifier U3, see FIG. 54,
is passed through the anti-aliasing filter circuit 120 before
analog to digital conversion. Aliasing occurs when an input
signal has frequency components at or higher than half the
sampling frequency or rate. If the signal is not correctly
filtered or band limited to eliminate these frequencies, then
they will show up as aliases or spurious lower frequency
components that cannot be detected from valid sample data.
These errors in data are actually at a higher frequency, but
when sampled, would appear as a lower frequency, and thus,
false information. The circuit 120 uses an op-amp U4, such as
an OPA244. The cutoft frequency is determined by resistors
R21 and R22 and capacitors C26 and C14. In the illustrated
embodiments, the cut off frequency is 200 Hz.

FIG. 75 illustrates an electrical schematic for the analog to
digital converter circuit 126 and uses a 12 bit AD7321 circuit
U9 for analog to digital conversion. The circuit U9 can accept
bipolar input voltages and have built in reference source. The
sample data is sent to the microcontroller 124 via a serial
interface. An alternative approach is to use an external ADC
that can accept uni-polar and use bipolar voltages to uni-polar
voltage conversion that can provide voltage within the ADC
input range. External voltage reference or internal reference
source can also be used.

As described above, the microcontroller 124 in the meter
probe 20 is adapted to detect measured line voltage and detect
zero crossings of the measured line voltage. Likewise, the
reference probe 22 includes a similar electrical circuit 100'
with a microcontroller that likewise detects the measured line
voltage and detect zero crossings of the measured line voltage
such as for the line 16. The RF module 132 in the reference
probe 22 is used to transmit the measured line voltage and
detected zero crossings to the meter probe 20 via the corre-
sponding RF module 132 ofthe meter probe 20 to be provided
to its microcontroller 124. The microcontroller 124 of the
meter probe 20 is programmed to displaying line voltage on
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the LCD module 44 and for calculating phase relationships
also for display on the LCD module 44.

Phase angle measurement between two phases is measured
by calculating the time difference between zero crossing
pulses of the meter probe 20 and reference probe 22. The time
difference is converted into an angle and shown on the display
44. FIG. 8 illustrates the phase relationships between the
reference probe signal and the meter probe signal. The time t,
is a time stamp of the rising edge of the zero crossing pulses
received from the reference probe with a reference time being
the internal timer of the meter probe. The time t, is a time
stamp of the rising edge of the zero crossing pulses captured
by the meter probe 20 with the reference time being the same
internal timer in the meter probe. The phase angle is equal to
(12-11)*360/t, where t; is the time between successive rising
edges of the zero crossing pulses. For accurate phase angle
measurement, the zero crossing pulses should not be affected
by the high frequency or low frequency noise and have fast
rise times. The detected proportion of voltage from the output
of the instrument amplifier U3 is passed through the low pass
filter circuit 118 and in the zero crossing circuit 122. The
filter’s cut off frequency and tolerance of components are
selected such that they will introduce minimum and known
phase shifts for detected signals of 50 Hz/60 Hz frequency.
This phase shift is compensated for during phase calculations.

The phasing meter 10 uses probes 20 and 22 including
instrumentation amplifiers which provide common-mode
rejection of front end noise when the meter is used in close
proximity to 50 Hz/60 Hz fields. The analog input stage is
protected from transients. The enclosure is fully shielded and
rejection of undesirable signals is provided at the input. The
voltage detection techniques can be used in various products
that require noise free voltage detection. Improved accuracy
is provided by using high speed comparators to achieve
higher phase accuracy and filters to reject high frequency and
unwanted low frequency noise. The probes also use low
power solutions which extend battery device and all systems
such as the microcontroller wireless module analog to digital
converter, etc., are selected to support low power battery
operation.

It will be appreciated by those skilled in the art that there
are many possible modifications to be made to the specific
forms of the features and components of the disclosed
embodiments while keeping within the spirit of the concepts
disclosed herein. Accordingly, no limitations to the specific
forms of the embodiments disclosed herein should be read
into the claims unless expressly recited in the claims.
Although a few embodiments have been described in detail
above, other modifications are possible. Other embodiments
may be within the scope of the following claims.

The invention claimed is:

1. A high voltage detection device comprising:

aprobe comprising an electrode for contacting a high volt-
age electrical line, the electrode being connected in
series with a resistor; and

a meter comprising a housing enclosing an electrical cir-
cuit for measuring line voltage, the electrical circuit
comprising an input circuit for connection to the probe,
the input circuit being adapted to suppress high fre-
quency noise pick up by the probe and developing a
bipolar voltage representing measured line voltage, a
voltage detection circuit comprising a differential
amplifier circuit for converting the bipolar voltage to a
proportionate voltage signal, a signal processing circuit
receiving the proportionate voltage signal and driving a
display for displaying the measured line voltage.
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2. The high voltage detection device of claim 1 wherein the
input circuit comprises a low pass filter circuit.

3. The high voltage detection device of claim 1 wherein the
input circuit comprises ferrite beads to suppress high fre-
quency noise.

4. The high voltage detection device of claim 1 wherein the
input circuit comprises a bipolar protection circuit to protect
the electrical circuit form high voltage transients.

5. The high voltage detection device of claim 1 wherein the
processing circuit comprises an anti aliasing filter connected
to an analog to digital converter.

6. The high voltage detection device of claim 1 wherein the
voltage detector circuit comprises a low power instrumenta-
tion amplifier with high common-mode rejection ratio.

7. The high voltage detection device of claim 1 wherein the
electrical circuit further comprises a zero crossing circuit
between the voltage detection circuit and the processing cir-
cuit.

8. The high voltage detection device of claim 7 wherein the
processing circuit compares time difference between zero
crossings for different high voltage electrical lines for phase
angle measurement.

9. The high voltage detection device of claim 1 further
comprising a transceiver circuit operatively associated with
the processing circuit for communicating with another high
voltage detection device.

10. The high voltage detection device of claim 1 wherein
the electrical circuit comprises a battery powered circuit.

11. A high voltage phasing voltmeter comprising:

a first high voltage probe comprising an electrode con-
nected in series with a resistor, and a housing enclosing
an electrical circuit for measuring line voltage of a first
high voltage line, the electrical circuit comprising an
input circuit for connection to the probe, the input circuit
being adapted to suppress high frequency noise pick up
by the probe and developing a voltage representing mea-
sured line voltage, an amplifier circuit with high com-
mon-mode rejection ratio connected to the input circuit,
a signal processing circuit connected to the amplifier
circuit for detecting measured line voltage and detecting
zero crossings of the measured line voltage, and a com-
munication circuit for transmitting the measured line
voltage and detected zero crossings of the measured line
voltage;

a second high voltage probe comprising an electrode con-
nected in series with a resistor, and a housing enclosing
an electrical circuit for measuring line voltage of a sec-
ond high voltage line, the electrical circuit comprising
an input circuit for connection to the probe, the input
circuit being adapted to suppress high frequency noise
pick up by the probe and developing a voltage represent-
ing measured line voltage, an amplifier circuit with high
common-mode rejection ratio connected to the input
circuit, a signal processing circuit connected to the
amplifier circuit for detecting measured line voltage and
detecting zero crossings of the measured line voltage,
and a communication circuit for receiving the measured
line voltage and detected zero crossings of the measured
line voltage from the first high voltage probe, the pro-
cessing circuit determining phase relationships between
the first and second high voltage lines and being con-
nected to a display for displaying the phase relationships
and measured line voltages.

12. The high voltage phasing voltmeter of claim 11

wherein each input circuit comprises a low pass filter circuit.
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13. The high voltage phasing voltmeter of claim 11
wherein each input circuit comprises ferrite beads to suppress
high frequency noise.

14. The high voltage phasing voltmeter of claim 11
wherein each input circuit comprises a bipolar protection
circuit to protect the electrical circuit form high voltage tran-
sients.

15. The high voltage phasing voltmeter of claim 11
wherein each processing circuit comprises an anti aliasing
filter connected to an analog to digital converter.

16. The high voltage phasing voltmeter of claim 11
wherein each voltage detector circuit comprises a low power
instrumentation amplifier with high common-mode rejection
ratio.

17. The high voltage phasing voltmeter of claim 11
wherein the second probe processing circuit compares time
difference between zero crossings for the first and second
high voltage electrical lines for phase angle measurement.

18. The high voltage phasing voltmeter of claim 11
wherein each electrical circuit comprises a battery powered
circuit.

19. The high voltage phasing voltmeter of claim 11
wherein each communication circuit comprises a wireless
transceiver circuit.

20. The high voltage phasing voltmeter of claim 11
wherein each communication circuit comprises an RF mod-
ule.
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